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Abstract
Purpose—We describe the characteristics, treatments and survival of patients with spina bifida 
in whom end stage renal disease developed from 2004 through 2008 in the United States Renal 
Data System.
Materials and Methods—We used ICD-9-CM code 741.* to identify individuals with spina 
bifida using hospital inpatient data from 1977 to 2010, and physician and facility claims from 
2004 to 2008. We constructed a 5:1 comparison group of patients with end stage renal disease 
without spina bifida matched by age at first end stage renal disease service, gender and race/
ethnicity. We assessed the risk of mortality and of renal transplantation while on dialysis using 
multivariate cause specific proportional hazards survival analysis. We also compared survival 
after the first renal transplant from the first end stage renal disease service to August 2011.
Results—We identified 439 patients with end stage renal disease and spina bifida in whom end 
stage renal disease developed at an average younger age than in patients without spina bifida (41 
vs 62 years, p <0.001) and in whom urological issues were the most common primary cause of end 
stage renal disease. Compared to patients with end stage renal disease without spina bifida those 
who had spina bifida showed a similar mortality hazard on dialysis and after transplantation. 
However, patients with end stage renal disease without spina bifida were more likely to undergo 
renal transplantation than patients with spina bifida (HR 1.51, 95% CI 1.13–2.03). 
Hospitalizations related to urinary tract infections were positively associated with the risk of death 
on dialysis in patients with end stage renal disease and spina bifida (HR 1.42, 95% CI 1.33–1.53).
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Conclusions—Spina bifida was not associated with increased mortality in patients with end 
stage renal disease on dialysis or after renal transplantation. Proper urological and bladder 
management is imperative in patients with spina bifida, particularly in adults.
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Spina bifida occurs when the neural tube fails to close properly during early fetal 
development.1 In the United States SB affected 3.7/10,000 live births from 1999 to 2001.2 
Most individuals with SB have neurogenic bladder resulting from neuronal injury to the 
lower urinary tract and central dysfunction due to central nervous system complications. 
Neurogenic bladder is a major risk factor for progressive renal damage. These patients are 
prone to renal deterioration secondary to recurrent UTIs or hostile bladder changes. The 
hostile bladder in SB cases may cause high bladder pressure, bladder-sphincter dyssynergia 
and vesicoureteral reflux, which may result in upper urinary tract deterioration, 
hydronephrosis and pyelonephritis, and renal scarring.3,4 Thus, lifelong bladder 
management is necessary to ensure proper drainage, capacity and compliance.
Although most individuals with SB have normal renal function at birth, about 26% of adults 
with SB have some degree of renal damage.5 Some SB cases progress to ESRD, requiring 
renal transplantation or dialysis.5 Previous studies in patients with ESRD who had SB were 
limited and often restricted to single center investigations, and they primarily focused on 
renal transplantation6–11 rather than on dialysis.12,13 To our knowledge there has been no 
population based examination of patients with ESRD and SB in the United States.
The goals of this study were to 1) describe the sociodemographic and clinical characteristics 
of patients with ESRD and SB in the American population, 2) compare the probabilities of 
renal transplantation and death while on dialysis and identify associated risk factors in 
patients with SB and in a demographically matched group without SB, and 3) compare 
survival in patients with vs without SB after transplantation.
MATERIALS AND METHODS
Data Source and Study Population
We performed a population based, retrospective, matched cohort study using USRDS data.14 
We obtained access to the 2011 Standard Analytical File and the physician/supplier claims 
reported to Medicare from 2004 to 2008. The USRDS collects data on all patients who 
access the Medicare ESRD program in the United States. The database includes 
demographic and diagnosis data, biochemical values, dialysis claims, and information on 
treatment history, hospitalization events and physician/supplier services.15
The study cohort included patients with ESRD who had a first ESRD service date between 
2004 and 2008. Individuals with SB were identified as those with ICD-9-CM code 741.* in 
the obtained data sources. Any patient with ESRD who had at least 1 inpatient claim or 2 
outpatient claims for SB was classified as having SB. All other patients were considered not 
to have SB. From the latter group we matched 5 patients to each patient with ESRD and SB 
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based on age at first ESRD service (in 5-year groups), gender and race/ethnicity 
(nonHispanic white, nonHispanic black, Hispanic and other).
Study Variables
We compared demographic and clinical characteristics at the first ESRD service between 
patients with ESRD with vs without SB in the study cohort, including incident age (age at 
first ESRD service), gender, race/ethnicity, ESRD causes and average yearly number of 
hospitalizations for UTI. In patients who had valid records in the 1995 or 2005 version of 
the MMS (Medicare and Medicaid Services) MER (Medical Evidence Report, form 
CMS-2728-U3) we compared the prevalence of comorbid conditions, physical impairment 
(inability to ambulate or transfer), insurance coverage (employer group, Medicaid or 
Medicare) and laboratory data (hemoglobin and serum albumin) at ESRD onset.
We considered renal transplantation and death on dialysis as mutually exclusive (competing) 
events.16–18 Time to event was calculated in months from the dialysis start date to the 
recorded date of transplantation or death, the end of the study period (August 2011) or loss 
to followup. Survival after transplantation was calculated from the date of the first 
transplantation until death, loss to followup or end of the study period.
Statistical Analysis
We assessed differences in characteristics among patients with ESRD with vs without SB 
using the t-test for continuous variables and the chi-square test for independence for 
categorical variables. All hypothesis tests were 2-sided with statistical significance 
considered at p <0.05.
We estimated the cumulative incidence function of transplantation/death on dialysis. 
Differences in cumulative incidence functions between the SB/nonSB groups were 
compared using the Pepe and Mori tests.19 We estimated Kaplan-Meier cumulative survival 
curves after the first transplantation. The log rank test was used to compare survival after the 
first transplantation between patients with ESRD and SB, and matched patients without SB.
On multivariate analysis of death on dialysis we estimated cause specific HRs using Cox 
proportional hazard models with patients censored at the time of the competing event. We 
adjusted for age, gender, race/ethnicity and other predictors that showed p <0.2 on univariate 
analysis. We tested for violations of proportional hazards by stratifying and inspecting the 
Schoenfeld residuals. Analysis was done with SAS® 9.3 and Stata™ 12.
This study was approved by the institutional review board of the National Center on Birth 
Defects and Developmental Disabilities, CDC (Centers for Disease Control and Prevention) 
under a data use agreement between the authors and the NIDDK. A NIDDK officer 
reviewed the manuscript for privacy content and approved it before submission.
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With vs without SB in entire study sample—Of the 549,710 incident patients with 
ESRD between 2004 and 2008 we identified 439 with SB who had demographic and clinical 
profiles distinct from those of other patients with ESRD (see table). Compared to incident 
ESRD patients without SB those with ESRD who had SB were on average younger (41 vs 
62 years) and a higher percent were female (50.8% vs 44.2%), and nonHispanic white 
(67.5% vs 53.2%) and Hispanic (16.6% vs 13.5%).
Causes of ESRD differed significantly between patients with vs without SB. Diabetes and 
hypertension were listed as the major causes of ESRD in about 30.9% of SB and about 71.4 
% of nonSB cases. Urological causes, including benign neoplasms of the kidney and urinary 
system, chronic pyelonephritis, kidney calculus, urinary calculus and urinary obstruction, 
accounted for 28.5% and 1.8% of ESRD causes in SB and nonSB cases, respectively. 
Patients with SB averaged more annual hospitalizations related to UTI (1.24 vs 0.82). They 
were more likely to have Medicaid insurance (56.5% vs 25.0%) and less likely to have 
employer based health insurance (17.5% vs 25.5%) than patients without SB.
Patients with ESRD who had SB were significantly more likely than those without SB to 
have recorded physical impairments such as inability to ambulate or transfer (30.0% vs 
6.5%). There was little difference in reported tobacco use (5.8% vs 5.9%), or alcohol or drug 
dependence (1.8% vs 2.5%) in incident ESRD cases with vs without SB. Most other 
comorbid conditions were recorded less frequently in ESRD cases with SB, including 
diabetes (25.1% vs 51.9%), history of hypertension (66.4% vs 82.9%), congestive heart 
failure (12.2% vs 32.4%), ischemic heart disease (6.9% vs 22.3%), other cardiac disease 
(5.3% vs 15.3%), cerebrovascular disease (2.8% vs 9.4%), peripheral vascular disease (6.9% 
vs 14.1%), chronic obstructive pulmonary disease (3.7% vs 8.7%) and cancer (2.1% vs 
7.0%). Incident ESRD cases with or without SB showed similar frequencies of reported 
hemoglobin and serum albumin values.
Compared to 5:1 matched cohort without SB—Patients with ESRD and SB, and the 
matched cohort without SB had different reported primary causes of ESRD (see table). 
Those with SB had a higher percent of reported urological conditions (28.5% vs 3.2%). The 
rate of UTI hospitalization in patients with ESRD and SB was about 3 times the rate in the 
matched ESRD cohort without SB (1.24 vs 0.41). Patients with ESRD and SB reported 
significantly more physical limitations, such as inability to ambulate or transfer (30.0% vs 
3.8%), than the matched cohort. Compared to patients with ESRD without SB those with SB 
were more likely to report having public insurance with more than half reporting Medicaid 
(56.5% vs 31.7%) or Medicare (50% vs 23.4%).
Death and Transplantation on Dialysis
Cumulative incidence—Of the 439 study patients with ESRD and SB 160 (36%) died at 
a total of 20,970 patient-months of observation. Mean followup from first ESRD service 
date to death/transplantation/study end was 48 months. A total of 89 patients (20.3%) with 
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ESRD and SB underwent renal transplantation during the study period compared to 695 
(31.7%) in the matched ESRD cohort without SB (p <0.001). Median time from first ESRD 
service to first renal transplantation was about 1 year longer in ESRD cases with SB than in 
the matched cohort without SB (50.2 vs 38.8 months, p = 0.03).
Figure 1 shows the estimated cumulative incidence of transplantation and death. Overall 
patients with ESRD and SB had a probability of death on dialysis that was similar to that of 
the matched cohort without SB (p = 0.82). For example, the probability of death by 6, 36 
and 60 months after starting dialysis in ESRD cases with SB was 0.04, 0.26 and 0.39, 
comparable to the 0.08, 0.26 and 0.35, respectively, in the matched cohort without SB. On 
the other hand, patients with ESRD and SB had a lower probability of transplantation than 
the matched cohort without SB (p <0.001). For example, the probability of transplantation 
by 6, 36 and 60 months after starting dialysis in ESRD cases with SB was 0.035, 0.14 and 
0.18, significantly lower than the 0.055, 0.24 and 0.29, respectively, in the nonSB matched 
cohort.
Associated factors—Figure 2 shows HRs for death according to the annual number of 
hospitalizations related to UTI in patients with SB by age. In patients with ESRD and SB for 
each additional annual UTI hospitalization the hazard of death on dialysis increased by 42%. 
The effect of each annual hospitalization related to UTI was especially salient in young 
adults 21 to 40 years old (HR 1.68, 95% CI 1.37–2.06) and in middle-aged adults 41 to 60 
years old (HR 1.98, 95% CI 1.66–2.35).
The results of multivariate Cox models for transplantation on dialysis revealed that patients 
with ESRD without SB were more likely to undergo renal transplantation than patients with 
ESRD and SB (HR 1.51, 95% CI 1.13–2.03).
Survival in Patients with Transplant
Of the 439 patients with ESRD and SB 89 (20.3%) underwent renal transplantation during 
the study period compared to 724 of 2,195 (33.0%) in the matched cohort with ESRD 
without SB (p <0.001). Average time under observation after receiving the first transplant 
was 39.8 months (maximum 90.9), during which 33 deaths occurred, including in 1 patient 
with ESRD and SB, and 32 without SB. Figure 3 shows Kaplan-Meier survival curves for 
patients with vs without SB who received a first renal transplant. There was no statistical 
difference in patient survival after the first renal transplantation (p = 0.18).
DISCUSSION
We examined the characteristics and survival of 439 patients with ESRD and SB in the 
USRDS from 2004 to 2008. Several important sociodemographic and clinical characteristics 
of these patients differed from those of patients with ESRD without SB. Those with ESRD 
and SB were younger (age 40 vs 62 years) and had urological issues as the leading cause of 
ESRD, which accounted for 29% of the primary causes of ESRD. Diabetes was the leading 
cause of ESRD (31%) in patients without SB. This observation underscores the need for 
lifelong urological evaluation and management as well as lifelong screening for renal 
scarring and renal complications in patients with SB.
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Previous studies suggested that an early structured bladder regimen beginning immediately 
after birth could preserve kidney function in children with SB.20,21 However, compliance 
and followup are difficult for several reasons. Many adults with SB lose coordinated 
urological care after leaving specialized pediatric SB clinics.22,23 Additionally, most SB 
programs do not have specialists in nephrology to assist with long-term followup and 
prevention of ESRD in these patients. Lastly, serum creatinine is a poor measure of renal 
function in patients with poor muscle mass such as those with SB24 and, thus, recognizing 
renal dysfunction in this population may be quite delayed. It is imperative to monitor for 
upper tract changes by ultrasound at regular intervals and perform nuclear medicine studies 
such as dimercapto-succinic acid to assess for renal scarring. Future studies in this 
population should include renal function monitoring with serum creatinine correlated with 
cystatin C or the nuclear medicine glomerular filtration rate.
Our study suggests that hospitalizations related to UTIs were associated with an increased 
risk of mortality on dialysis in patients with SB. This highlights the importance of ongoing 
urological management in this population. Although the current urological management 
approach in patients with SB can be effective,25,26 in the United States there are currently no 
standardized protocols to manage the urinary tract and monitor kidney function. A recent 
Dutch study suggested that there is a gap between practice and recommended guidelines to 
evaluate bladder and kidney function in adults with SB.27 Effective urological treatment in 
patients with SB, especially adults with SB, remains a challenge.
Our study reveals that survival up to 84 months on dialysis and after receiving a transplant 
in patients with ESRD and SB is comparable to that in demographically matched patients 
with ESRD without SB. This finding is consistent with previous findings.7,9,10,28 Thus, 
dialysis and renal transplantation appear to be viable treatments in patients with SB. 
However, patients with ESRD and SB were less likely to undergo renal transplantation than 
matched patients without SB even after adjusting for demographic, clinic and economic 
factors. This important finding warrants future studies to confirm disparities in access to 
transplants according to SB status and determine the reasons for such disparities.
Our study has several limitations. 1) We used administrative data sets to identify individuals 
with SB. Diagnosis codes for SB may not be accurate on all medical claims, although we 
only included cases with 1 inpatient code or 2 outpatient codes for SB to decrease this error. 
2) Followup was relatively short, which prevented us from studying long-term 
transplantation outcomes. 3) Due to the nature of the USRDS data system, in which data are 
entered when patients have accessed the ESRD services, we lacked the complete natural 
history of urological management and renal damage in patients with SB. Also, information 
on intermittent catheterization while on dialysis or after transplantation is unavailable. Thus, 
we could not identify risk factors for renal impairment in patients with SB. This is an 
important topic for future research.
CONCLUSIONS
This study demonstrates that ESRD developed in patients with SB at younger ages than in 
patients without SB and urological issues were the most common primary cause of ESRD. 
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Proper urological and bladder management is imperative in patients with SB, particularly in 
adults. The finding that patients with SB were less likely to undergo transplantation than 
their peers without SB despite comparable survival rates also points to potential disparities 
in access to renal transplantation.
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Cumulative incidence of transplantation and death in patients with ESRD and SB, and in 
matched cohort without SB in 2011 USRDS. Probability of transplantation by 6, 36 and 60 
months after starting dialysis was 0.035, 0.14 and 0.18, significantly less than 0.055, 0.24 
and 0.29, respectively, in matched nonSB cohort.
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Cause specific HRs of average yearly UTI hospitalizations by death on dialysis in 
multivariate Cox models adjusted for age, race/ethnicity, gender, ESRD primary cause and 
comorbid conditions in patients with SB only and stratified by age in 2011 USRDS. In 
patients with ESRD and SB hazard of death on dialysis increased by 42% for each additional 
annual UTI hospitalization.
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Kaplan-Meier survival curves of transplanted patients with ESRD and SB, and matched 
comparison group without SB. There was no statistical difference in patient survival after 
first renal transplantation (p = 0.18). Values in parentheses indicate transplantation events.
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